We report here the isolation of DNA from abdominal tissue of four extinct stingless bees (Proplebeia dominicana) in Dominican amber, PCR amplification of a 546-bp fragment of the 16S rRNA gene from Bacillus spp., and their corresponding nucleotide sequences. These sequences were used in basic local alignment search tool searches of nonredundant nucleic acid data bases, and the highest scores were obtained with 16S rRNA sequences from Bacillus spp. Phylogenetic inference analysis by the maximum-likelihood method revealed close phylogenetic relationships of the four presumed ancient Bacillus sequences with Bacillus pumilus, B. firmus, B. subtilis, and B. circulans. These four extant Bacillus spp. are commonly isolated from abdominal tissue of stingless bees. The close phylogenetic association of the extracted DNA sequences with these bee colonizers suggests that a similar bee-Bacillus association existed in the extinct species P. dominicana.
Symbiotic relationships between bees (Apidae: Hymenoptera) and Bacillus spp. are well documented (1, 4, 8, 12-21, 24, 27) . These relationships involve digestion and fermentation of pollen and food provisions, protection of food storages from microbial degradation, production of antibiotics, and disease prevention. These bacteria reside in the abdomens of worker bees throughout most of the bees' adult lives.
The intestinal microbiota of bees, particularly Apis mellifera, has been studied in detail by Gilliam and others (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . In one study (12) , 110 Bacillus isolates belonging to 13 species were obtained from 388 bees examined. Among these isolates, Bacillus megaterium, B. subtilis, B. pumilus, and B. circulans predominated. These bacteria were found in the digestive tracts, hemolymph, and tracheas of healthy honeybees. Honeybee eggs, prepupae, and pupae were not internally colonized by bacteria. Emerging adult worker bees generally also lacked an intestinal microbiota until they were inoculated by pollen consumption or by trophallaxis.
Both solitary and social bees possess an abdominal microbiota that aids them in the control of spoilage of food supplies that are rich in protein, lipid, and carbohydrate (20) . It has been shown that stingless bees (Meliponinae: Apidae: Hymenoptera) rely on microorganisms, particularly bacteria in the genus Bacillus, to ferment and digest the brood provisions for ease of assimilation by the brood and preservation from spoilage (15) (16) (17) (18) 20 
The first two letters of each sample code indicate the taxon from which the DNA was extractcd (PJ, P. jatifonrmis; NM, N. miirandlula; MP, Al. pazattlca; PD, P. domninicania). The six digits following the taxon initials indicate the date of extraction. ' Results were interpreted as positive when the presence of a 546-bp fragment resulted from PCR amplification with the primer pair BCFI-BCR2 and all controls yielded the expected results.
Louis, Mo.) per ml, primers BCFI and BCR2 at 0.5 F.M each, 2.0 mM MgClI, and 0.2 mM (each) deoxynucleoside triphosphates in a total volume of 50 ,ul. All reagent mixtures and sample dilutions were prepared in an ice water bath, and the tubes were placed in a thermal cycler after the heat block reached 80°C. PCRs were performed with a Temp-Tronic thermal cycler dry bath (Thermolyne, Dubuque, Iowa). The following 40 cycles consisted of a 1-min denaturation step at 94°C, a 1-min primer annealing step at 58°C, and a 1-min primer extension step at 72°C. The last cycle consisted of a 10-min primer extension step at 72°C. The products of each amplification were evaluated by 1.2% agarose in Tris-acetate-EDTA buffer.
Resulting amplification products were used as templates for asymmetric PCR and direct nucleotide sequencing as described by Cano et al. (6) . Asymmetric amplifications were performed with both the forward and reverse primers in limiting concentrations to obtain nucleotide sequences originating from both ends of the amplified segment of the 16S rRNA gene. The resulting single-stranded DNA (Table 1) . No amplification products were obtained from thorax and head specimens of extinct and extant bees. Although bacteria can be found in the hemolymph in both the heads and thoraxes of bees, it is possible that the concentration of bacterial cells or DNA in these body parts was below the level of detection of the assay with the extraction procedure used. Twenty environmental controls, consisting of the same reaction mixture used in the amplification of beeextracted DNA with filter-sterilized water instead of template DNA, were processed concurrently with the bee DNA amplifications. All 20 control amplifications were negative, indicating the absence of contaminating Bacillus DNA in the laboratory environment during the time the reaction mixtures were prepared. It is noteworthy that not one but four different abdominal tissue samples from extinct bees yielded amplifiable DNA, lending credence to the hypothesis that ancient DNA was indeed amplified. The large number of negative reactions in the assay, from both DNA extracted from amber-entombed bee tissues (Table 1) and the environmental controls, is equally important, since it indicates that neither the reagents nor the environment in which the reaction mixtures were prepared was contaminated with Bacillus DNA.
Aligned sequences of the four presumed ancient Bacilllus spp. are shown in Fig. 1 . The sequence consensus for each of the DNA extractions from presumed ancient DNA PCR products was used as a query in basic local alignment search tool (2) searches of nonredundant nucleic acid data bases. The highest similarity scores were obtained with Bacillus spp., particularly B. circlulans, B. pumilus, B. firmus, and B. sulbtilis.
These taxa have all been reported as common colonizers of the abdomens of both honeybees (12-14, 18, 19, 21) and stingless bees (15) (16) (17) 20) .
The aligned sequences were prepared for phylogenetic analysis by trimming gaps and regions around them to leave informative sites. Next, phylogenetic analysis was done by using the maximum-likelihood (DNAML) method of Felsenstein (11) . L. casei (accession no. X61135) was used as the outgroup, and each of the programs was run six times with different J (umble) parameters for the random seed generator and the G (global rearrangement) option. All six trees had identical topologies. Figure 2 indicates that the base is identical to that of the outgroup. A base substitution is indicated by the first letter of the substituting base, and a gap is indicated by a dash. The prefix AB_ indicates that the sequence is of presumed ancient bacillus origin. The rest of the sequence identifier corresponds to the isolation date as described in Table 1 (15) (16) (17) (18) 20) .
On the basis of these results, we conclude that amplified DNAs from the abdominal tissues of the four extinct bees originated from ancient Bacillus spp. colonizing the abdomens of P. dominicana bees. Nucleotide sequence and phylogenetic similarities indicate that the ancient Bacillus DNA amplified likely originated from an ancient symbiont closely related to B. circulans, B. pumilus, B. subtilis, and B. firnus. The exact nature of the bee-Bacillus symbiosis is still unclarified, but it is apparent that bees benefit from this association in that the bacteria help preserve and protect the brood and its provisions and the bacteria have ready access to ample food supplies. Although there have been previous reports of extraction of DNA from amber-entombed eukaryotes (6, 7, 9, 25) , all were based on DNA extractions from a single specimen. The results reported here not only represent the first DNA isolation from a prokaryote in amber but also indicate the presence of Bacillus DNA in four separate amber specimens, and the sequences obtained are very similar to those of extant Bacillus spp. known to colonize the abdomens of extant bees. Additionally, the extensive number of samples and controls evaluated reduces considerably the likelihood that the positive results were due to environmental contamination with exogenous Bacillus DNA. The methods described here for isolation of ancient DNA and the subsequent validation of results could provide the tools necessary to study the evolution of microbeinsect symbiotic relationships and host-parasite interactions. Furthermore, the extraction of Bacillus DNA in amber inclusions may provide additional information for continuing studies on phylogenetic diversity in the genus Bacillus.
